INNER PANEL AND LOUDSPEAKER APPARATUS 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to the technical fields of an inner 

panel and a loudspeaker apparatus. 

2. Description of the Related Art 

In a conventional in-vehicle loudspeaker apparatus, a Helmholtz 
resonator is arranged so as to suppress an in-vehicle inner panel from 
10 being vibrated, and attenuates generated vibration to prevent an 
unnecessary sound from being produced (for example, see Japanese Patent 
Application Laid-Open No. 09-37371). 

However, in the conventional technique described above, a plurality 
of Helmholtz resonators must be arranged to absorb sound waves having 
15 different frequencies. For this reason, parts increase in number, so that 
the manufacturing cost disadvantageous^ increases. 

SUMMARY OF THE INVENTION 
Accordingly, the present invention is made in consideration of the 

20 above-mentioned problems. It is an object to be solved by the present 
invention to provide an in-vehicle inner panel and an in-vehicle 
loudspeaker apparatus in which a Helmholtz resonator is structured by 
devising the shapes and arrangements of parts which have been fitted to a 
door panel to curbing costs as much as possible. 

25 The present invention will be described below. Although reference 

numerals in the accompanying drawings will be accessorily written as 
parenthetic numerals for descriptive convenience, the present invention is 



not limited to the illustrated features. 

The above object of the present invention can be achieved by an 
inner panel (1) provided with: an opening (2) to which a loudspeaker unit 
(6) is attached; a volume unit (3) in which the loudspeaker unit (6) is 
5 housed from the opening (2) to form a closed space; and a groove (4) 
passing through to the volume unit (3). 

The above object of the present invention can be achieved by a 
loudspeaker apparatus (SP) in which a loudspeaker unit (6) is attached to 
an inner panel (1). The inner panel (1) of the loudspeaker unit (6) is 
10 provided with: an opening (2) to which the loudspeaker unit (6) is attached; 
a volume unit (3) in which the loudspeaker unit (6) is housed from the 
opening (2) to form a closed space; and a groove (4) passing through to the 
volume unit (3). The loudspeaker unit (6) is housed in the volume unit (3), 
and a rear space of the loudspeaker unit (6) in the volume unit (3) is used 
15 as an acoustic volume unit of the loudspeaker unit (6). 

The nature, utility, and further features of this invention will be 
more clearly apparent from the following detailed description with respect 
to preferred embodiments of the invention when read in conjunction with 
the accompanying drawings briefly described below. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view showing an in-vehicle loudspeaker 
apparatus SP obtained by attaching a loudspeaker unit 6 to an in-vehicle 
inner panel 1 according to an embodiment of the present invention. 
25 FIG. 2 is a perspective view showing the in-vehicle inner panel 1 to 

which the loudspeaker unit 6 has not been attached in the embodiment of 
the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An embodiment of an inner panel and a loudspeaker apparatus 
according to the present invention will be described below by using an 
5 in-vehicle inner panel and an in-vehicle loudspeaker apparatus as 
examples with reference to the accompanying drawings. 

FIG. 1 is a perspective view showing an in-vehicle loudspeaker 
apparatus SP obtained by attaching a loudspeaker unit 6 to an in-vehicle 
inner panel 1 according to an embodiment of the present invention, and 
10 FIG. 2 is a perspective view showing a part of the in-vehicle inner panel 1 to 
which the loudspeaker unit 6 has not been attached in the embodiment of 
the present invention. 

In general, an in-vehicle door has a double structure to hold a 
window glass, and interiorly comprises an in-vehicle inner panel to which a 
15 window glass elevating mechanism is attached so as to ascent and descent 
the window glass. In this case, the in-vehicle inner panel has a hole called 
a service hole formed therein while securing the strength of the inner panel 
for maintenance or a light-weight door. 

The in-vehicle inner panel 1 according to the embodiment of the 
20 present invention comprises an opening 2 to which the loudspeaker unit 6 
is attached, a housing unit 3 for housing the loudspeaker unit 6, and a 
groove 4 connected to the housing unit 3. In addition, the in-vehicle inner 
panel 1 has service holes 5a and 5b. 

The opening 2 has a size which is enough to house the loudspeaker 
25 unit 6 therein, and screw holes 7a, 7b, and 7c for fixing the loudspeaker 
unit 6 are formed around the opening 2. The peripheral surface of the 
opening 2 with which a gasket (not shown) of the loudspeaker unit 6 is in 



contact is a smooth surface to prevent air current before and after the 
loudspeaker unit 6. 

The housing unit 3 houses the loudspeaker unit 6 and has an 
acoustic volume unit in a rear space of the loudspeaker unit 6. This 
5 acoustic volume unit functions as an acoustic compliance to prevent the 
loudspeaker from moving. More specifically, when the acoustic volume 
unit is large, a reproduction limit is controlled by the lowest resonance 
frequency of the loudspeaker. When the acoustic volume unit is small, the 
reproduction limit is controlled by the acoustic compliance. Therefore, the 

10 volume (depth) of the housing unit 3 is determined within such a range 
that the reproduction limit of the loudspeaker does not give uncomfortable 
feeling to an audience. Furthermore, the housing unit 3 has no rear hole 
to prevent raindrops out of the upper window glass (not shown) and to 
prevent a sound out of the back of the loudspeaker unit 9 from discharging 

15 into the door panel. 

The groove 4 has such a size (width and depth) that the groove 4 
functions as a sound tube through a wire harness 8. A lid 10 is attached 
such that an end portion 9 is open, thereby structuring a tube unit. This 
end portion 9 of the tube unit is arranged at such a position that the end 

20 portion 9 is not closed when the in- vehicle inner panel 1 is attached to the 
door panel. A fixing clamp 11 for fixing the wire harness 8 of the 
loudspeaker unit 6 is attached to the lid 10. 

The in- vehicle inner panel 1 consists of, for example, a resin or a 
complex resin such as FRP (fiberglass reinforced plastics), and is 

25 manufactured by integral molding. 

For example, the in-vehicle loudspeaker apparatus SP according to 
this embodiment constitutes the loudspeaker apparatus according to the 



present invention, the in-vehicle inner panel 1 constitutes the in-vehicle 
inner panel according to the present invention, the opening 2 constitutes 
the opening according to the present invention, the housing unit 3 
constitutes the housing unit according to the present invention, the groove 
5 4 constitutes the groove according to the present invention, and the fixing 
clamp 1 1 constitutes the fixing unit according to the present invention. 

A phenomenon occurring when the in-vehicle loudspeaker 
apparatus SP having the above configuration produces a sound will be 
described below. 

10 When the loudspeaker unit 6 receives an audio signal to produce a 

sound, the sound produced from a diaphragm in the loudspeaker is 
propagated ahead of the loudspeaker, and a sound in opposite phase is 
propagated to the rearward of the loudspeaker. 

Since the loudspeaker unit 6 according to this embodiment is 

15 housed in the housing unit 3 of the in-vehicle inner panel 1, the sound 
propagated to rearward of the loudspeaker is closed in the acoustic volume 
unit without being spread to the inner space of the door panel. As a result, 
the vibration of the door panel also decreases. 

The resonance of Helmholtz will be described below. 

20 It is generally known that a characteristic frequency v [Hz] of a 

resonance of a vessel having a shape obtained by connecting, to a trunk 
portion having a slightly large volume such as a medicine bottle, a tube 
(neck) which is thinner and shorter than the trunk portion is given by the 
following equation: 

25 u = ^ S (Equation 1 ) 

where the volume of the trunk is represented by V [m 3 ], the sectional area 

5 



of the neck is represented by S [m 2 ], the length of the neck is represented 
by 1 [m], and a speed of sound is represented by c [m/s], and reference 
numeral Al denotes correction of an opening end of the neck portion. 
When the significant radius of the neck portion is represented by a, Al = 
5 1.5a to 1.7a is satisfied. 

As is apparent from (Equation 1), when a vessel has no neck portion 
(1 = 0) and a hole formed in the trunk portion, the vessel functions as a 
resonator. More specifically, the housing unit 3 according to this 
embodiment functions as a resonator which uses the groove 4 connected to 
10 the housing unit 3 as an opening end and which has no neck portion. A 
characteristic frequency vi [Hz] of a resonance of the resonator is given by 
the following (Equation 2) obtained by transforming (Equation 1). 



c I S 

v< = J (Equation 2) 
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where Si [m 2 ] is a sectional area of the trunk. 
15 As is apparent from (Equation 2), the characteristic frequency vi 

obtained when the housing unit 3 functions as a resonator can be 

regulated by controlling a sectional area Si and a volume V of the trunk. 

The groove 4 constitutes an acoustic tube, more specifically, a 

Helmholtz resonator by a combination of the housing unit 3 and the groove 
20 4. A characteristic frequency V2 [Hz] of the resonance is given by (Equation 

3) which is similar to (Equation 1): 



(Equation 3) 



As is apparent from (Equation 3), the characteristic frequency V2 of 

the Helmholtz resonator constituted by the housing unit 3 and the groove 4 

25 can be regulated by controlling a volume V of the trunk, a sectional area S, 

6 



10 



and a length 1 of the neck. 

Since the housing unit 3 is a closed space having a small airflow, 
the groove 4 connected to the housing unit 3 sympathetically vibrates. 
The groove 4 has a resonance frequency when both the ends of the groove 4 
are open and a resonance frequency when one end on the housing unit 3 
side is closed. The resonance frequencies in a low-frequency band include 
a resonance frequency V3 [Hz] obtained when both the ends are open, a 
resonance frequency V4 [Hz] of the first harmonic obtained when one end is 
open, and a resonance frequency vs [Hz] of the third harmonic. These 
frequencies are obtained by the following (Equation 4): 



resonance frequency of a both - end - open tube 



^3 = 



resonance frequency of first harmonic of one - end - open tube u 4 = 



resonance frequency of third harmonic of one - end - open tube u s = 



8 



(Equation 4) 



As is apparent from (Equation 4), the resonance frequencies V3, V4, 
and vs can be regulated by controlling the length 1 of the neck. 

15 Therefore, the resonance frequencies vi and V2 of the Helmholtz 

resonator and the resonance frequencies V3, V4, and vs of the acoustic tube 
can be regulated by controlling the shapes of the housing unit 3 and the 
groove 4, so that a vibration sound can be suppressed from being produced 
in a continuous band. 

20 The materials, thicknesses, shapes, and the like of door panels or 

attached positions of loudspeakers vary depending on the types of vehicles, 

and vibration strengths vary depending on the types of vehicles. Therefore, 

7 



the shape (length) and the attached position of the groove 4 are calculated 
by an experiment every type of vehicle. 

The embodiment has the following advantages. 

A sound having a low frequency ranging from 50 Hz to 200 Hz of 
5 vibrations which give uncomfortable feeling to an operator can be 
suppressed by the in-vehicle inner panel 1 and the in-vehicle loudspeaker 
apparatus SP, so that uncomfortable feeling which is received by the 
operator can be reduced. 

A vibration sound in a continuous band can be suppressed from 
10 being produced by the resonance frequency vi of a Helmholtz resonance in 
the housing unit 3, the resonance frequency V2 of a Helmholtz resonance 
caused by a combination of the housing unit 3 and the groove 4, and the 
characteristic frequencies V3, V4, and vs of resonances produced by the 
groove 4. 

15 The resonance frequency vi of a Helmholtz resonance in the housing 

unit 3 can be regulated by regulating the sectional area Si and the volume 
V of the housing unit 3, the resonance frequency V2 of a Helmholtz 
resonance caused by a combination of the housing unit 3 and the groove 4 
is regulated by the volume V of the housing unit 3 and the sectional area S 

20 and the length 1 of the groove, and the characteristic frequencies v 3 , v 4 , and 
vs of resonances produced by the groove 4 are regulated by regulating the 
length 1 of the groove 4. 

Since the rear surface of the loudspeaker unit 6 is housed in the 
housing unit 3, a sound propagated to the rearward of the loudspeaker 

25 unit 6 does not spread to the inner space of the door panel. As a result, 
vibration of the door panel can be reduced. 

The embodiment is not limited to the above description, and may be 



modified as follows. 

The frame portion of the loudspeaker unit 6 may be designed to 
cover the groove 4 such that the end portion 9 of the groove 4 is open. 
Since the lid 10 serving as an independent part is omitted, costs for 
5 attaching the part, managing the part, and the like can be saved. 

A sound absorbing material may be arranged in the housing unit 3. 
Reverberant feeling caused by stationary wave can be reduced, and more 
faithful reproduction can be obtained. 

The loudspeaker unit 6 may be fixed not only by screws but also by 
10 adhesion, a leaf spring, or a hook. The airtightness of the loudspeaker 
unit 6 may be secured by not only a gasket but also coating of a sealing 
agent. The lid 10 may be fixed by not only screws but also adhesion or a 
hook. 

In an embodiment of an inner panel and a loudspeaker apparatus 
15 according to the present invention, the present invention has been 
described by using the in-vehicle inner panel 1 and the in-vehicle 
loudspeaker apparatus SP as examples. However, the present invention is 
not limited to the in-vehicle inner panel 1 and the in-vehicle loudspeaker 
apparatus SP. The present invention can be applied to any structure in 
20 which a loudspeaker unit is attached to an inner panel. For example, the 
present invention can be applied to a panel for a motorbike or a door panel 
for a transportation device such as a door panel for a ship. 

The invention may be embodied in other specific forms without 
departing from the spirit or essential characteristics thereof. The present 
25 embodiments are therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being indicated by the 
appended claims rather than by the foregoing description and all changes 



which come within the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 

The entire disclosure of Japanese Patent Application No. 
2002-330925 filed on November 14, 2002 including the specification, 
claims, drawings and summary is incorporated herein by reference in its 
entirety. 
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